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CANARD Model 
 FEA of TMC ATLLAS generic leading edge model wing – CANARD is 
designed and provided by TISICS (calculation using ANSYS©) 
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Heating 
Heat flux distribution over the TMC layers 
Testing in L3K DLR´s arc heated facility: calculation by Dr. B. Esser (DLR) for for the radiused leading 
edge of 0.8 mm for the two constant wall temperatures of 300 K and 1000 K 
TMC  
layers 
TMC layers 
Leading 
Edge 
Leading Edge 
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Back Impingement Cooling of 
leading TMC part 
Heat transfer coefficients  calculation - s. in Annex 1 
Internal Air Cooling  
(forced convection)  
Cooled surfaces are marked in yellow 
Heat transfer coefficients  calculation - s. in Annex 2 5 
Water cooling on the lower part 
6 
CANARD Model (I): 
 High Temperature Level 
Leading edge temperature   air mass flow: 25 g/s  
 maximum heat flow: 1.02e+6 W/m2 
 cooling core: steel EN3B 
Note: Operational limits of TMC´s material exceed significantly 
Tmax ~ 2000 °C 
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CANARD Model (I) does not 
provide adequate cooling 
The size of the 
cooling slots (blue 
areas) and mainly its 
width must be 
significantly reduced 
in terms of increasing 
the air flow rate 
The occurring slot 
velocities for 
impingement cooling 
were detected to be too 
low which effects in low 
heat transfer coefficients 
and hence cooling 
efficiency 
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CANARD Models (II):  
reduced cooling slots 
selected 
option 
  
further optimization to 
B=0,5 mm  
 
doubled increase  
of impingment cooling: 
havg ≈ 3000 W/(m2K) 
Variations of slit nozzle:  
CANARD 
Model (I) 
10 times increased 
CANARD 
Model (II) 
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CANARD Models (II):  
further optimization 
Thin slit nozzle with B=0,5 mm 
Calculated variations: 
 
 nominal mass flow, original length 
 nominal mass flow, reduced length 
 doubled mass flow, original length 
 doubled mass flow, reduced length   
10 
Impingement heat transfer coefficients 
in CANARD Models (II):  
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Main heat transfer coefficients 
in CANARD Models (II):  
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Heating of the front TMC strips 
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Testing in L3K DLR´s arc heated facility:  
calculation by Dr. B. Esser (DLR) for the radiused leading edge 
of 0.8 mm for the two constant wall temperatures of 1000 K 
Temperature distribution 
on the leading edge:  
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Temperature distribution 
on the leading edge:  
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Equivalent Stress (von-Mises) 
in leading TMC layer  
16 
Task 3.1: Progress 
 State: 
 
– Canard geometry and heat boundary conditions were set according to the data of the 
partners (TISICS, L3K DLR´s arc heated facility team) 
– Model for the canard (CANARD Model (I)) has been set up  
– Numerical simulation indicated the high temperature levels which exceed the 
material’s (titanium and TMCs) operational limits 
– Occurring slot velocities for impingement cooling were detected to be too low which 
effects in low heat transfer coefficients and hence cooling efficiency  
– Multiple options of the nozzle geometry were calculated in order to increase the 
impingement heat transfer coefficient 
– Primary variations allowed to increase the impingement coefficient up to ten times: 
from 148 up to 1500 W/(m2K) 
– As optimized option the cooling core geometrie with a thin slit nozzle was chosen. 
Further reduction in width of 0,5 mm led to almost double increase of cooling: 2800 
W/(m2K) 
– Further variations (CANARD Model (II) were conducted for the original and reduced  
slot lengths and for the nominal and doubled  air mass flows of 25 and 50 g/s.  
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State of Deliverables and MS 
 D3.1.4 Results  of “FEA of TMC ATLLAS generic 
leading edge model wing”  
 
– The maximum impingment cooling was achieved for the case with 
the reduced slot width of 0,5 mm and reduced slot length of ca 45 
mm at the doubled air mass flow of 50 g/s: havg=4780  W/(m2K) 
 
– The maximum temperature of the leading TMC edge at the doubled 
air mass flow does not exceed of 1000 °C 
 
–  The high temperature peaks at the bottom part of the leading edges 
of ~ 2200 °C were by numerical simulation obtained. Dr. Burkhard 
Esser suggests that it can be attributed to an artificial numerical 
effect based on a 2D external heat load as boundary conditions. 
Based on the results from Atllas-1, he does not expect significant 
increase in temperature 
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Arroy of Slot Nozzle 
 
Range of validity:  1500 < Re < 40000, 0.008 ≤ f ≤ 2.5 f0, and 1 ≤ H/S ≤ 40 
 
Average Nusselt number Nuavg: 
Nuavg = Pr0.42 x 2/3 (f0)3/4 (2 x ReB/ (f/f0 + f0/f ))2/3  
 
f0 = [60 + 4(H/S – 2)2]-1/2 
 
where   S  - twice slot width = nozzle hydraulic diameter 
 f - relative nozzle area 
 
Equations are for a developed jet. 
 
Annex 1 
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Annex 2 
[2]. Incropera, F., DeWitt, D.: Fundamentals of Heat and Mass Transfer, 2nd ed., 
Wiley &Sons, New York 1985 
Force Turbulent Convection 
 Range of validity:  0.7 > Pr < 120; 10000 < Re< 160000; L/D > 10, 
 
Average Nusselt number Nuavg: 
 
Nuavg, a,D = 0.021 (Rea,D)0.8 (Pra)0.43 (Pra/Prw)0.25 εl 
 
where: 
Nuavg, a,D   average Nusselt number: Nu = (h D)/k  
Rea,D  Reynolds Number: Re = (D V ρ)/μ 
Pra, Prw  Prandtl Number: Pr = (μ Cp)/k 
εl  correlation coefficient: εl = 1.38 (L/D)-0.12 
  
D characteristic length parameter (e.g. diameter for flow through a pipe or around a circular 
 cylinder at L/D > 10, where L is length of pipe), m 
k thermal conductivity of the fluid, W(m K) 
V characteristic velocity (e.g. average velocity for flow through a pipe or tube, m/s 
ρ density of the fluid, kg/m3 
μ viscosity of the fluid, (Pa s) 
Cp heat capacity of the fluid, (J/(kg K)  
  
Index “a” denotes air as cooling fluid. All properties were taken for the air at the input temperature of 
20 °C at 1 bar (s. Tab. 1) or at 4 bat (s. Tab. 2) 
Index “w” refers to the air properties at the wall temperature (e.g. 800 °C). 
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Air properties used in the calculations:   
Annex 3 
Tab. 2: pressure = 4 bar and T=20 °C: Tab. 1: pressure = 1 bar and T=20 °C: 
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